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Objective: Presence of vitrification method in sperm freezing and the introduction of solid surface
vitrification beside rapid freezing in vapour, opens an easy and safe way to help infertility centres. While
the effects of cryopreservation on motility, morphology and viability of sperm are documented, the
question of the probable alteration of sperm DNA, chromatin and acrosome integrity after freezing and
thawing procedures in different methods is still controversial.
Materials and methods: Normal sample were collected according to WHO strict criteria. Sperm suspen-
sions were mixed 1:1 with 0.5 M sucrose and divided into four equal aliquots for freezing: fresh, nitrogen
direct immersion vitrification (Vit), solid surface vitrification (SSV) and in vapour (Vapour).
Sperm suspensions were transferred into a 0.25 ml sterile plastic. Then straw was inserted inside the
0.5 ml straw. For thawing, the straws were immersed in a 42 �C water bath. Beside the sperm parameters,
we assessed the acrosome reaction by double staining, chromatin integrity by toluidine blue (Tb) and
chromomycin A3 (CMA3) and DNA integrity by terminal deoxynucleotidyl transferase dUTP nick end
labelling (TUNEL) respectively.
Results: In progressive motility, the highest rate occurred in Vit (39.9 ± 13.3). Moreover, the lowest rate
of immotile sperm was in Vit (32.7 ± 16.3). In normal morphology, the group Vit was similar to the fresh,
while SSV and Vapour were significantly different from the fresh. The percentage of acrosome-reacted
sperms was more in Vit (81.3 ± 10.2) than the fresh group. TUNELþ results showed that DNA frag-
mentation was significantly increased in Vit (p-value ¼ 0.025). While in SSV and Vapour results were
comparable to fresh. There was a significant correlation between TUNELþ and normal morphology, TB,
CMA3 and presence of intact acrosome.
Conclusion: Sperm in Vapour was healthier in terms of DNA, chromatin and acrosome integrity. In
contrast of higher motility and normal morphology; DNA, chromatin and acrosome integrity were
decreased in Vit. However, these findings were more acceptable in SSV or Vapour.
© 2017 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Earlier sperm cryopreservation required expensive biological
equipment and the process was time-consuming. A fast alternative
method like vitrification would provide significant benefits
regarding simple equipment and easy procedure in assisted
reproductive technology (ART).
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Now, vitrification accounts as an acceptable alternative to slow
cooling [1]. New vitrification techniques are preferred in all rele-
vant areas of freezing and also in sperm cryopreservation areas [2].
However, the potential risk of disease transmission through
contaminated liquid nitrogen during freezing procedure and stor-
age created much concern [3].This issue has been solved with the
introduction of closed systems [1].

Vitrification in its evolution provided another version called
Solid surface vitrification (SSV) which has been applied successfully
to preserve oocytes and ovarian tissue [4]. In this method direct
exposure of tissue happens to a precooled metal surface at
about �160� C, in which provides enough space for tissue, high
cooling rates and avoids producing nitrogen bubbles and
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evaporation around to cause not falling of cooling rate [5]. SSV has
been described to vitrify ovine mature oocytes with high rates of
survival on the surface of themetal in liquid nitrogen [6]. In another
method, direct contact between the straws and the nitrogen vapour
for 8e10 min and immersion in liquid nitrogen at �196 �C in rapid
freezing have been used in sperm cryopreservation [7].

While the effects of cryopreservation on motility, morphology
and viability of sperm are documented, the question of the prob-
able alteration of sperm DNA integrity after different freezing-
thawing procedures still exists. There is no clear confirmation in
the studies on which cryopreservation techniques induces DNA or
chromatin damage. In some studies, authors have reported signif-
icant alterations in sperm DNA integrity after cryopreservation and
warming [8e10].

Loss of motility and vitality, increased membrane damage,
induced acrosome reaction, induction of apoptosis due to oxidative
stress are disadvantages of vitrification [2,3]. However, during
cryopreservation, sperm is exposed to physical and chemical stress
that results in adverse changes in the composition of membrane
lipid. All these changes reduce the fertilising ability of human
spermatozoa after cryopreservation [8,11e14].

This is still of great concern, that increased sperm DNA frag-
mentation could reduce the full term pregnancy rate in ART [15]
and increase the risk of miscarriage [16], where the generation of
healthy offspring should be considered the goal of ART services [17].
Meanwhile, widespread use of vitrification could still be leading in
themaintenance of spermDNA, chromatin and acrosome integrity?

Material and method

In this experimental study, the normal samples were collected
from 20 healthy men after 2e7 days of sexual abstinence. After
signing an informed consent for scientific research, they entered
the study. This study was approved by our institutional ethics
committee.

Semen samples were liquefied in an incubator at 37 �C for
30 min. Semen parameters as sperm concentration, the percentage
of motile sperm and normal morphology were analysed.

All samples should contain at least 15 million spermatozoa per
ml with a 32% progressive motility rate and >4% normal morpho-
logical spermatozoa. Semen analysis was performed according to
guidelines of the World Health Organization (2010). Semen ana-
lyses were conducted by the same technician, who was blind from
other clinical data. For samples, the swim-up technique was per-
formed for 60 min at 37 �C. Then samples were centrifuged and
diluted with sperm medium to achieve a concentration of 20 � 106

sperms per ml.
For freezing, the sperm suspensions were mixed 1: 1 with 0.5 M

sucrose and incubated for 10 min at room temperature. The
mixture was divided into four equal aliquots: fresh, SSV, liquid ni-
trogen vapour (Vapour) method and vitrification (Vit) which is the
direct immersion into liquid nitrogen.

100 ml of sperm suspensions were transferred into a 0.25 mL
sterile plastic straw. Then each of them was inserted inside the
0.5 mL straw. In SSV, straws were positioned onto a metal surface
on liquid nitrogen for 10 min and then immersed in the liquid ni-
trogen. In Vapour, the straws were exposed to the liquid nitrogen
vapour 4 cm above the level of liquid nitrogen for 10 min and then
immersing in the liquid nitrogen. In Vit, straws were immersed
directly into liquid nitrogen and all stored.

For thawing, the straws were taken from the liquid nitrogen,
immersed in a 42 �C water bath [18] until the ice melted. In all
experimental groups; smears for assessing sperm acrosome, DNA
and chromatin integrity were prepared immediately after the
warming of straws.
Assessment of sperm motility

In fresh and thawed groups, 10 mL aliquots were added to glass
slide and sperms were analysed by phase-contrast microscope.

Assessment of sperm viability

Sperm viability in fresh and thawed groups was carried out
using eosinenigrosin staining technique. 10 ml of semenwas mixed
with 10 ml of eosinenigrosin stain on a glass slide and assayed using
a light microscope to determine the percentage of live sperm. At
least 200 spermatozoa were assessed for each case. For analysis,
white or unstained sperms were classified as live and pink or red
sperms were considered dead.

DNA integrity assessment

In both fresh and thawed semen, DNA integrity was determined
using an in situ terminal deoxynucleotidyl transferase dUTP nick
end labelling (TUNEL) detection kit (In situ Cell Death Detection Kit,
POD; Roche, Mannheim, Germany).

A droplet of the sperm suspension from each sample was
smeared onto glass slides and air dried and fixed by immersion in
freshly prepared 4% paraformaldehyde in PBS, pH 7.4 for 20 min at
room temperature. Next, the slides were incubated with blocking
solution (H2O2 in 3% methanol) for 20 min at room temperature.

Slides were rinsed in PBS for 5 min, treated with pre-chilled 0.1%
Triton X-100 in 0.1% sodium citrate for 5 min on ice. Then the slides
staining were performed according to the manufacturer's in-
structions. Slides were rinsed twice with PBS for a total of 5 min at
room temperature.

CMA3 staining

Chromomycin A3 (CMA3) is a guanineecytosine specific fluo-
rochrome and competes with protamines for binding to the minor
groove of sperm DNA and is a useful tool for identifies abnormal-
ities in the sperm chromatin packaging and protamine deficiency.

Sperm cells were fixed in Carnoy's solution (methanol/glacial
acetic acid, 3:1) at 48 �C for 10 min. Each slide was then stained
with CMA3 solution (0.25 mg/mL in McIlvain buffer; 7 mL citric
acid, 0.1 M þ 32.9 mL Na2HPO4 7H2O 0.2 M, pH 7.0 containing
10 mM MgCl2) for 20 min in darkness. The slides were washed in
buffer, mounted with buffered glycerol (1:1) and analysed by
fluorescence microscopy at 390e490 nm.

Bright yellow stained sperm head (abnormal chromatin pack-
aging) were considered as CMA3(þ), while yellowish green stained
sperms (normal chromatin packaging) were considered as
CMA3(�).

Aniline blue staining

The slides were air-dried and then fixed with a solution of 3%
buffered glutaraldehyde for 30 min. Then staining was done with
5% aqueous aniline blue solution mixed with 4% acetic acid
(pH ¼ 3.5) for 10 min 200 spermatozoa were counted with a light
microscope. Spermatozoa with mature nuclei chromatin did not
take up the stain and are considered normal while those with
immature chromatin and blue stained were considered abnormal.

Toluidine blue (TB) staining and sperm morphology assessment

Dried smears were fixed with freshly made 96% etha-
noleacetone (1: 1) at 4 �C for 30min. Smears were hydrolyzedwith
0.1 N HCl at 4 �C for 5min andwashed three times in distilled water
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for 2 min. Then staining was done with 0.05% TB (Sigma, St. Louis,
MO, USA) for 10 min.

The staining buffer consisted of 50%McIlvain's citrate phosphate
buffer (pH 3.5). In a light microscopic study using 100 eyepiece
magnification, the chromatin quality of spermatozoa was deter-
mined according to metachromatic staining of sperm heads with
following scores: score 0 ¼ light blue (good chromatin), score
1 ¼ dark blue (mild abnormal chromatin), score 2 ¼ violet and
purple (severe chromatin abnormality). So, the sum of spermatozoa
with scores 1 and 2 was considered as TBþ or abnormal chromatin,
whereas score ¼ 0 as TB- or sperm with normal chromatin [19].
Also, the assessment of sperm morphology was done at the same
time [20].

Acrosome reaction (double staining)

According to Kohn et al. (1997) [21] briefly, spermatozoa were
fixed in glutaraldehyde (3% PBS, pH 7.4) for at least 30 min at 24 �C.
After two washing steps (1000 g, 2 min), the sperm pellet was
resuspended and smeared onto a slide. Spermatozoa were stained
in Bismarck brown (0.8% in deionized water pH 1.8) for 10 min at
37 �C and washed several times with distilled water, followed by a
staining with Rose Bengal (0.8% in 0.1 M Tris buffer, pH 5.3) for
25 min at 24 �C. After the second washing, spermatozoa were
dehydrated in 50, 95 and 100% ethanol and rinsed with xylene.
Under light microscopy, red or pink staining of the acrosomal re-
gion indicated intact spermatozoa, whereas lack of Rose Bengal was
interpreted as typical for acrosome-reacted spermatozoa. At least
200 spermatozoa per slide were examined under oil immersion
(�1000) using a light microscope.

Statistical analysis

Statistical analysis was performed using the SPSS (SPSS 18.0,
Chicago, USA) software. One-way ANOVA test and correlation were
used to compare different variables in different groups (Table 2). A
p-value of <0.05 was considered significant.

Results

There was a significant decrease in all experimental groups in
progressive motion (p-value ¼ 0.001). The highest rate in pro-
gressive motility (39.9 ± 13.3), and the lowest rate in immotility
(32.7 ± 16.3) happened in Vit. In normal morphology, the higher
rate was in Vit and was similar to fresh, while SSV and Vapour were
comparable and significantly different from the fresh (p-
value ¼ 0.045 and p-value ¼ 0.006 respectively). There was a sig-
nificant decrease in all experimental groups in viability. Concerning
the viability, the highest ratewas in Vit (65.5 ± 16.2).While viability
in Vapour was significantly lower (49.8 ± 20.1, p-value ¼ 0.045).

In chromatin integrity, CMA3þ results showed that there was a
significant difference between Vit and fresh (p-value ¼ 0.049). This
amount was not significant in SSV or Vapour compared to fresh (p-
Table 1
Sperm parameters, sperm DNA integrity, chromatin integrity and acrosome integrity (M

Progressive motility Nonprogressive motility Immotility Normal morp

Fresh 66.2 ± 13.7 19.8 ± 9.7 14.0 ± 9.6 7.4 ± 2.7
Vit 39.9 ± 13.3 27.6 ± 8.1 32.7 ± 16.3 6.1 ± 2.3
SSV 33.6 ± 11.7 27.0 ± 7.5 39.3 ± 11.0 5.3 ± 2.2
Vapour 28.8 ± 14.6 24.3 ± 9.7 47.3 ± 18.2 4.8 ± 2.5
sig 0.001 0.027 0.027 0.008

One-way ANOVA test was used. Post hoc test results were shown in Table 2.
p-value < 0.05 was considered significant.
value ¼ 0.99). In TB results, the highest damage was in groups Vit
and SSV (153.1 ± 11.1) for both, and the lowest was in the Vapour
(145.7 ± 11.6). In DNA integrity, TUNELþ results showed that DNA
fragmentation was significantly increased in Vit (24.6 ± 11.0, p-
value ¼ 0.025). While in SSV and Vapour results were comparable
to fresh (p-value ¼ 0.950). Acrosome reaction occurred more in Vit
(81.3 ± 10.2, p-value ¼ 0.018) than the other groups. The presence
of spermwith intact acrosome was higher in Vapour (82.4 ± 7.9, p-
value ¼ 0.059) and comparable to fresh (Tables 1 and 2).

TUNELþ results was significantly correlated with normal
morphology (r ¼ �0.356), TBþ (r ¼ 0.013), CMA3þ (r ¼ 0.233) and
presence of intact acrosome (r ¼ 0.251).There was a correlation
between CMA3þ results with progressive motility (r ¼ �0.282),
immotility (r ¼ 0.196), normal morphology (r ¼ �0.318) and
viability (r ¼ �0.387) at a significant difference.

Moreover, the rate of presence of intact acrosomewas correlated
significantly with progressive motility (r ¼ �0.410), immotility
(r ¼ 0.470), normal morphology (r ¼ �0.322) and viability
(r ¼ �0.421) (Table 3).
Discussion

Various sperm cryopreservation methods induce some alter-
ation and damage in sperm parameters in a variety of ways that
may lead to a decrease in sperm survival rate, motility, changes in
the plasma membrane, acrosome and DNA integrity [22].

Our results in this study showed that freezing-thawing pro-
cedure could induce sperm alteration in all experimental protocols.
In all cryopreservation groups; motility, morphology and viability
decreased, although these parameters were more acceptable in Vit
group. However, DNA and chromatin integrity accompanied to
acrosome integrity reduced in this group. We observed that sper-
matozoa in Vapour and SSV groups could be safer in terms of DNA,
chromatin and acrosome integrity.

Perhaps sperm can maintain its DNA, chromatin and acrosome
integrity more in the lower cooling rate like Vapour rather than
higher one like Vit. The rapid cooling rate in Vit protocol may
induce the intracellular crystals which are destructive to the
integrity of the cellular membrane. Protamine and DNA complex
can be influenced by the physical injury to the chromatin structure
that induces DNA damage [23]. This condition induces the uncon-
densed chromatin as well. It seems, unlike eggs or embryos
[24e26], cold shock caused by direct immersion in liquid nitrogen
is not suitable for sperm. Acrosome and the chromatin were more
vulnerable in this declining temperature rate.

A study used a static vapour phase cooling above the surface of
the liquid nitrogen and then plunging the cryovial into liquid ni-
trogen. After warming, changes in the integrity of the membranes
andmorphology were apparent. Wrinkling on the plasmalemma or
acrosomal change defect was also determined. Moreover, apical
head alterations in acrosomal change, lacking continuity, loss
of acrosomal content and appearance of vesiculations were detec-
ted [27].
ean ± SD) in different groups.

hology Viability CMA3þ TBþ TUNELþ Intact acrosome

88.1 ± 10.7 16.9 ± 8.5 132.1 ± 31.0 14.4 ± 9.3 88.9 ± 6.4
65.5 ± 16.2 25.0 ± 10.7 153.1 ± 11.1 24.6 ± 11.0 81.3 ± 10.2
58.3 ± 11.0 23.4 ± 9.2 153.1 ± 11.1 19.8 ± 10.5 81.6 ± 6.5
49.8 ± 20.1 24.3 ± 10.5 145.7 ± 11.6 21.5 ± 10.0 82.4 ± 7.9
0.000 0.043 0.010 0.025 0.010



Table 2
Post hoc test results of sperm parameters, sperm DNA integrity, chromatin integrity and acrosome integrity in different groups (p-values are shown in the cells of the table).

Progressive
motility

Nonprogressive
motility

Immotility Normal
morphology

Viability CMA3þ TBþ TUNELþ Intact acrosome

Fresh Vit 0.001 0.033 0.000 0.355 0.000 0.049 0.022 0.016 0.018
SSV 0.000 0.055 0.000 0.045 0.000 0.166 0.015 0.377 0.025
Vapour 0.000 0.371 0.000 0.006 0.000 0.101 0.232 0.149 0.059

Vit SSV 0.451 0.997 0.466 0.739 0.430 0.955 1.000 0.826 0.999
Vapour 0.051 0.653 0.010 0.322 0.008 0.997 0.734 0.988 0.968

SSV Vapour 0.671 0.770 0.301 0.897 0.294 0.991 0.677 0.950 0.987

Tukey was done as a post hoc test.
A p-value of <0.05 was considered significant.

Table 3
Correlation between different variables.

Tbþ CMA3þ TUNELþ Intact acrosome

Progressive motility r ¼ �0.134
p ¼ 0.243

r ¼ �0.282
p ¼ 0.012

r ¼ 0.251
p ¼ 0.026

r ¼ �0.410
p ¼ 0.000

Nonprogressive motility r ¼ �0.046
p ¼ 0.243

r ¼ 0.209
p ¼ 0.066

r ¼ �0.017
p ¼ 0.880

r ¼ �0.112
p ¼ 0.323

Immotility r ¼ 0.172
p ¼ 0.132

r ¼ 0.196
p ¼ 0.086

r ¼ 0.164
p ¼ 0.149

r ¼ 0.470
p ¼ 0.000

Normal morphology r ¼ �0.218
p ¼ 0.055

r ¼ �0.318 p ¼ 0.005 r ¼ �0.356 p ¼ 0.001 r ¼ �0.322
p ¼ 0.004

Viability r ¼ �0.245
p ¼ 0.031

r ¼ �0.387
p ¼ 0.000

r ¼ �0.220
p ¼ 0.051

r ¼ �0.421
p ¼ 0.000

TUNELþ r ¼ 0.013
p ¼ 0.910

r ¼ 0.233
p ¼ 0.042

r ¼ 0.251
p ¼ 0.026

A p-value of <0.05 was considered significant.
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Comparing different cooling temperatures in sperm freezing
showed that no statistical difference was detected in �86 �C in
omitting the use of liquid nitrogen [3] and in �196 �C in the use of
liquid nitrogen to sperm progressive motility or DNA
fragmentation.

Alike, warmed sperm motility results of samples cryopreserved
in liquid nitrogen vapour was comparable to samples cry-
opreserved with the nitrogen-free freezer [28]. On the other hand,
increasing the cooling rate in the freezing of mouse embryos had no
advantage for vitrification procedure. Besides, vitrification in dou-
ble straws with a decline in cooling rate of 400 �C/min was very
effective for the cryopreservation of mouse embryos. It was also
noted that even lower cooling rate of 120 �C/min was useful for the
vitrification of human embryos [1].

Probably cold shock in the lower temperature in Vit can expose
sperm to oxidative stress and may be one of the principal causes of
increasing sperm DNA fragmentation compared to SSV or Vapour.
Cryopreservation may alter the potential of mitochondrial mem-
brane to release produced ROS [29]. Moreover, we examined DNA
and chromatin integrity immediately after warming. It was re-
ported that the highest degree of sperm DNA fragmentation
occurred during 4 h of incubation after warming samples of fertile
donors [30].

In our study, the evidence is based on the negative correlation
between progressive sperm motility and DNA fragmentation after
vitrification in normozoospermia. There were reports of a relation-
ship between morphology and DNA fragmentation. It was shown
that there is a negative correlation between sperm motility, vitality
and spermDNA damage [31]. It seems that the spermmorphological
feature is representative of spermgenomic status. Someauthorshave
been reported direct physical damage to sperm structure or function
during sperm freezing related to the ice formation and high osmotic
pressure during freezing. Oxidative stress produces free radical
cascade leading to lipoperoxidation process [32]. The effects of lipid
peroxidation include irreversible loss of motility, leakage of intra-
cellular enzymes, damage to sperm DNA and deficiencies in oocyte
penetration and sperm and oocyte fusion [33].
Sperm with the damaged genetic material is still capable of fer-
tilisation and strongly correlated with mutation [34]. Mutations may
notbeevident andare going to affect divided anddevelopedembryos.
Therefore, it shouldconsiderensuring that spermfrozen in theseways
couldoffer thehighestprotection to the chromatin topreventpossible
interference to offspring genome [35]. Regarding advantages or dis-
advantages of each freezing method, a particular approach should be
adopted to achieve the best result of frozen-thawed sperm. Effects of
optimising the freezingmedium[36e39] or other empirical studies to
determine the optimum temperature to maintain membrane or
sperm genome integrity are needed. The protective effect on the
mitochondrial potential of spermatozoa may help in providing the
ATPrequired forprogressivemotilityorpreventing thedestabilisation
of the plasma membrane of spermatozoa and so maintaining acro-
some integrity [37]. It seems that application of our study results
would be useful. Our pilot study showed sperm thawing results in
single straws were significantly less acceptable than doubles (un-
published data). Genome integrity is necessary to transfer to the next
generation, however, cryopreservation might be along with detri-
mental effects on the genome. Improvedwarmed sperm quality may,
in turn, enhance the processed sperm quality to increase conception
rate, embryo development and birth rate in ART.

Conclusion

Sperm in regarding cooling rate temperature could be safer in
terms of DNA, chromatin and acrosome integrity. While the
motility, morphology and viability may retain high; the DNA,
chromatin and acrosome integrity may be deterred in Vit. However,
sperm DNA, chromatin and acrosome integrity status were more
tolerable in SSV or Vapour rather than in Vit.
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